Pressure injuries have a negative effect on well-being and the cost of treatment places a significant burden on the health care system. Research has, however, tended to extrapolate or estimate the cost of pressure injuries resulting in uncertainty regarding the true cost of this condition. The aim of this prospective observational study was to quantify the cost of pressure injury treatment in the Australian residential aged care setting. An electronic health care record audit and observation of usual pressure injury treatment was undertaken with a sample of 20 participants who had 23 pressure injuries. The actual treatment cost, an evidence-based practice model cost, and a projected treatment cost were calculated. The overall cost of pressure injury treatment was AU$98,489.22. The average daily cost by pressure injury stage was AU$26.42 for a Stage 1 pressure injury, AU$37.17 for a Stage 2 pressure injury, AU$30.01 for a Stage 3 pressure injury, and AU$10.22 for an Unstageable pressure injury. The projected cost of treatment was AU$104,510.41. At 42 days this cost extended to AU$116,552.79. This study has quantified the cost of pressure injury treatment in a residential aged care setting. The study may inform future efforts to accurately calculate the cost of PIs and the effectiveness of strategies to reduce the economic burden of this condition.
PIs are an international concern, 15 and although it is widely accepted that PIs are costly, report of the actual cost of treating pressure injuries is scant. Research conducted by Dealey et al 2004 and updated in 2012. 10, 13 suggests that the cost of PI treatment is higher when the severity of the PI is greater. Specifically, their research estimated that the cost of healing is AU$1298 for a Stage 1 PI that heals in 28 days, AU$5602 for a Stage 2 PI that heals in 94 days, AU$9665 for a Stage 3 PI that heals in 127 days, and AU$15082 for a Stage 4 PI that heals in 155 days.
The incidence and cost of PIs are compelling reasons to invest in PI research; however, with regard to cost, research to date has tended to estimate or extrapolate, 8,10-13 resulting in considerable uncertainty about the actual cost of PIs. This issue has been identified in a recent systematic review which highlighted the need for research that more accurately calculates the direct cost of PI treatment. 14 Given the high incidence of PIs in the residential aged care setting, and the challenges associated with accurately articulating the cost of PIs, a study was conducted to quantify the direct costs of PI treatment in the residential aged care setting. The findings of the study may be used to more accurately articulate the cost of PI treatment and to support appropriate investment in prevention and treatment strategies.
| METHODS

| Aim
The aim of the study was to develop a costing tool to quantify the direct cost of PI treatment in the residential aged care setting. Direct cost was defined in the study as costs incurred by the health care system and/or the patient as a direct result of the condition as opposed to indirect costs such as loss of income because of being unable to work. 15 
| Design
A quantitative, observational longitudinal panel study was undertaken. The study was approved by the Human Research Ethics Committee of the governing university and the participating aged care provider.
| Setting and sample
The study was conducted in eight residential aged care facilities with a total population of 1043 residents in Melbourne, Australia. A non-probability, purposive sample (n = 24) was selected on account of the likely prevalence of PIs in the population, 16 the time available for recruitment, and the requisite PI characteristics (Stages 1-4, Unstageable and Deep Tissue Injury).
| Eligibility criteria
Participants of the study • Were not classified as palliative or in the terminal stage of an illness.
| Treatment
The treatment of the PI and any associated pressure area care (PAC) activities were provided as usual by the clinical staff employed by the facilities, which included Registered Nurses, Endorsed Enrolled Nurses, and Personal Care Attendants. The participant's treatment and care therefore was not altered as a result of participation in the study.
| Data collection
The researcher (LW) liaised directly with the aged care facility staff to (1) access the electronic health record to complete chart audit for each participant and (2) to directly observe treatment of the participants PI. Study data were collected between July and October 2015.
| Study measures
An existing data collection tool was unable to be sourced for this study; therefore, a tool was designed. • this study provides direct evidence that pressure injuries are costly to treat in the residential aged care setting; the study may inform future effort to accurately calculate the cost of PIs and the effectiveness of strategies to reduce the economic burden of this condition equipment, and consultations with external care providers was included to enable costing of the PI treatment. The observation audit items included assessment of the PI stage, the PI treatment activities that were conducted, the number and level of staff utilised for PI treatment, and the time taken to complete PI treatment activities. The latter was measured with an iPhone in stopwatch mode, an approach that offers accuracy when measuring time spent on treatment activities. 13 The data collection tool was piloted with 10 residents prior to its use in the study. Minor adjustments to the data collection tool were subsequently made, including the deletion of redundant items. The data collected during the pilot were not included in the analysis.
| Study costings
The cost of PI dressings (which included the use or omission of dressing packs, irrigation solutions, primary dressings, secondary dressings, fixation products, and peri-wound creams) and the cost of nutritional supplements were calculated using retail costs from national community distributors. Medications were costed according to the Australian Government Department of Health Pharmaceutical Benefits Scheme, and rental costs were applied to the PAC equipment that was used. The staff costs (the time that the Registered Nurses, Endorsed Enrolled Nurses, and Personal Care Attendants spent providing PI care) were calculated according to the local government award rates per staff member. The study sought to calculate three costs:
• The actual practice treatment cost (overall, daily, and by PI stage) • An evidence-based practice model cost (overall, daily, and by PI stage) • An overall projected cost.
To calculate the actual practice treatment cost, the mean cost of dressing products was calculated from the observation of each PI treatment episode, multiplied by the number of treatments attended to date, and divided by the duration of the PI. Similarly, staff time for treatment was calculated from the mean cost of time spent providing PI treatment multiplied by the number of treatments and then divided by the PI duration to establish a daily cost of staff time. Supplements and medications, PAC equipment, and external consultant clinician costs were also included to establish a total cost per PI. Items such as nutritional supplements, medications, and PAC equipment were costed only once if the participant had more than one PI. One example of an actual treatment cost calculation has been provided in Figure 1 .
An evidence-based practice model includes consideration of the best research evidence, clinical expertise, patient preferences, and resource availability. 17 To model best practice, PI treatment included the use of products that were available to staff at the facility, specifically dressing packs, irrigation solutions, barrier wipes, a hydrofibre dressing/silver hydrofibre dressing, and silicone dressings. The silverimpregnated hydrofibre was selected for the cost modelling for the Stage 2, Stage 3, and PIs because of the increased risk of infection for PIs of worsening severity the average cost of the silver-impregnated hydrofibre or standard hydrofibre dressing was selected for cost-modelling of Stage 2 and 3 PIs due to the increased risk of infection of worsening PIs. The unstageable PI was cost modelled using a dry dressing regimen due to the unknown severity of an US until it reveals itself. 4 Participants in the study were generally unable to indicate treatment preferences; however, when preferences were reported by the treating clinician, these were accounted for in treatment selection. The evidence-based practice model also included pressure redistributing equipment, specifically an alternating air mattress for all PIs for the bed and an air cushion for the chair for sacral, buttock and IT PIs, which were included for all participants given that clinical practice guidelines suggests managing existing PIs on a high specification reactive or active alternating pressure support surface. 4 The Figure 2 .
To calculate an overall projected cost, the actual practice treatment cost (daily) was used. This cost was multiplied by arbitrary time frames (14, 28 , and 42 days) to determine the cost of treatment following completion of the study for the PIs that did not heal within the data collection period (19/23). 3 | RESULTS
| Sample characteristics
The sample (n = 20) was predominantly female (n = 16, 80%) on average, 83 years of age (minimum 60 years, maximum 97 years), nearly half (n = 9, 45%) scored high or severe PI risk on the Braden Scale, and the majority (n = 18, 90%) were incontinent of urine and faeces. One chart audit was conducted for each participant, and a total of 43 wound treatment observations were completed (minimum one observation, maximum four observations), while facility staff attended to usual PI care.
| Anatomical location, stage and duration of the pressure injuries
The PIs were distributed over boney prominences, and the sacrum (six PIs) and the heel (six PIs) were most commonly affected ( Table 1 ). The total number of PI days for the sample to date was 3547 days. The four Stage 1 PIs had a 10-day duration on average (ave), the seven Stage 2 PIs had a 91-day duration (ave), the 11 Stage 3 PIs had a 257-days duration (ave), and the one US PI had a 39-day duration.
| PI treatment
The PIs treated in the study received frequent wound care. On average, dressings were changed every 1.6 days. The frequencies of dressing changes by PI stage were 1.9 days for the Stage 1 PI, 2.4 days for the Stage 2 PI, 1.5 days for the Stage 3 PI, and 5.6 days for the US PI.
A range of primary dressing products was used in the treatment of PIs in this study. Betadine was the product most commonly applied as a primary dressing and was used on 24% of wounds at the final treatment observation. Other dressings included Sorbact (14%), Mesalt (12%), Iodosorb paste (9%), Interpose (9%), Mepilex border (9%), Askina border (5%), Askina Foam (5%), Flaminal forte (5%), Mesorb (2%), Aquacel Ag (2%), Hypergel (2%), and Tegaderm foam (2%). Overall, the data suggest that 47% of wounds were not treated with the goal of maintaining a FIGURE 1 An example of the cost calculation for pressure injury treatment moist wound-healing environment (this was generally consistent across all PI stages) and that the use of antimicrobial dressings was not the norm given this was observed in only 30% of cases.
| The actual practice treatment cost (overall, daily, and by PI stage)
The actual practice treatment cost for the sample overall (from the PI start date to the final data collection) was AU $98489.22. This cost was associated with 3547 PI days (to date). The overall daily cost of PI treatment was AU $27.77. The daily cost of PI treatment for Stage 1 PIs was, on average, AU$26.42 (minimum AU$9.43, maximum AU $48.51). The daily cost of PI treatment for Stage 2 PIs was, on average, AU$37.17 (minimum AU$15.61, maximum AU $76.70). The daily cost of PI treatment for Stage 3 PIs was, on average, AU$30.01 (minimum AU$3.07, maximum AU $61.38). The daily cost of PI treatment for the unstageable PI was AU$10.22 (see Table 2 , "actual practice" column).
The following costs are reflected in the overall cost of PI treatment and are listed from highest to lowest cost order: PAC equipment (AU$32300.75), staff time attending wound treatment (AU$29369.02), wound dressings (AU FIGURE 2 An example of the evidence-based practice cost calculation for pressure injury treatment. Note: Dealeys estimates on PI healing duration for a Stage 3 PI were used for this calculation. 36 dressing changes were estimated to provide moist wound healing using modern wound dressings $21764.86), nutritional supplements (AU$14361.60), consultations from external clinician (AU$600.00), and additional medications (AU$93.00). Of note, the cost of staff time for positioning the resident was not included in this cost because it was not a requirement at the participating facility that this care, as attended, be documented. Had the conduct of (positioning as it was scheduled in the care plan) been included in the overall cost of treatment, the cost would increase by AU$50517.43 to AU$149006.65. Only four PIs healed during the study, therefore the cost of healing was only able to be determined for these PIs. The Table 2 , "evidence-based practice model" column).
| The overall projected cost
Utilising the overall cost of PI treatment for the sample (AU $98489.22 to date), the projected cost of treatment for the 19 PIs that had not healed was calculated. At 14 days following the end of data collection, the cost was AU 
| DISCUSSION
The study found that the cost of treating PIs in this sample of 20 aged care residents who had 23 PIs was significant, AU$98489.22 overall and a cost of AU$27.77/day. Of note, the cost of repositioning was unable to be determined, however, if this had been attended as recommended in the care plan, the cost would increase to AU$149006.65 according to our model. The study showed a trend for higher cost of treatment by PI stage, consistent with international research that suggests increasing PI severity is associated with higher cost. 11 Of note in our study, was that the Stage 3 PIs were less costly than the Stage 2 PIs, which may be explained by the longer duration of the wounds and, potentially, the use of less costly products as these wounds became more chronic. The lower cost of the DTI in the study may be the result of the small sample. The majority of the PIs in this study (n = 19, 82.6%) did not heal, which was not unexpected given the short data collection period. The projected cost model demonstrated the ongoing significant cost of these PIs, with a projected cost of treatment 14 days following the end of data collection of AU$104510.41 (an additional AU$6021.19 in total and extra AU$316.90 per PI), this extending to AU$116552.79 (an additional AU$18063.57 and extra AU$950.71 per PI) at 42 days following completion of the study.
The contributors to the overall cost of PI treatment provide an indication of the major costs associated with the PIs The projected cost of pressure injury treatment in this study. PAC equipment (AU$32300.75) represented nearly one third of the cost, and staff time attending wound treatment (AU$29369.02) and wound dressings cost (AU $21764.86) were also major cost contributors. The frequent dressing changes conducted with this sample (every 1.6 days on average) and the high use of dressings that do not promote moist wound healing (in 47% of cases) suggests this cost item may have scope for reduction if an evidence-based approach to dressing selection and frequency of use was adopted for the entire wound episode. Of note, the Stage 3 PIs in the present study had greater than double the duration expected for this severity of PI according to previous research 10 ; therefore, the management of these PIs in particular may be a major contributor to ongoing cost in this sample.
The evidence-based practice model cost for the 23 PIs in the study showed that the cost of PI treatment until healing with this approach (AU$99693.15) would be similar to the actual care costs of the sample to date, of which 19 PIs had not yet healed (AU$98489.22). This result arose principally because the modelled duration of treatment was much shorter with the evidence-based practice approach (2322 PI days) than the actual duration of the wounds to date in this study (3547 PI days). This similar cost finding therefore is not favourable as the actual cost of the PIs continues to increase, whereas the evidence-based practice PI costs are complete (to healing).
| Strengths and limitations of the study
The strengths of the study include the prospective design, direct observation of PI treatment, and data collection from two sources (audit and observation). The limitations of the study include the small sample, the sample arising from one care setting, a short monitoring period resulting in few wounds healing during the study, and the lack of Stage 4 injuries and DTIs in the sample.
| Conclusion
This study developed a costing tool to quantify the direct cost of PI treatment in the residential aged care setting. The daily cost of PIs in the study was AU$26.42 for a Stage 1 PI, AU $37.17 for a Stage 2 PI, AU$30.01 for a Stage 3 PI, and AU $10.22 for an US PI. The study found that PIs are associated with considerable treatment cost and a cost that may be reduced with the application of evidence-based treatment. The methodology and results of the study may inform future efforts to accurately calculate the cost of PIs and the effectiveness of strategies to reduce the economic burden of this condition.
